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I inconsistent ivith other bcnchmarks, in part due to an incorrect interpretation of AREL's AT13

2 forecast methodology. I also take issue ivith thc system mix betiveen fixed-tilt and single-axis

Imckcrs and tmd ihat Duke's figures arc outdated compared tn thc mnvcmcnt of thc market.

Several of Duke's portlblios rely on nciv SsdR and pumped hydro capacity. VVhilc

ticknowledging the challenges of permitting, developing. and constructing these assets. Duke

6 also included documentation that directly cvntradicts its timeline projections. If Duke is correct

7 on how long these projects Ivill take iv develop. it cannot also bc correct on ivhen they will be

g in service.

Thc impact ol'hese changes in input assumptions and modeling methodologies ivill

10 likely produce portfolios that retire coal sooner, add less natural gas. and add morc solar and

ll storage. particularly early in the planning horiznn. Each of these reduces risk of an updated

17

13

portfolio, reducing substantial regulatory risk associated with the ongoing operation vf coal

plants;md blunting the impact vf a potential increase in fossil fuel costs.

r'r rl /I'( r *i .Ir .r tr rr
v

r «grsr pf~r
Ecrrnrrrrrics in rhe h'eae Tenn

I 6 $46. O'Hh r Is TIIE I Fl&FkxL ITC.vxl) Hou l)oFs I I'vlPAI."F vkoJKI: I'coxovt les'.

17 A46. The federal ITC is a tax credit thai developers can use to olTset a portion ol the qualified capital

lg

19

20

21

23

24

costs of a solar project. It applies tv both stand-alone solar projects and solar-plus- stomge

projects. ivith thc ITC applying to boih solar and storage capiial costs in the laitcr. In a typical

financing structure, dcvclopcrs Ivill partner vvith "iax cquiiy" providers ihat have signilicant

federal tax liability and thus the ability iv utilize the tax credits. These t;ix equity investors vvill

contribute a portion ol'Ih» up-front cnst of the project in exchanae for the right to claim the iax

credits. This tmancing method supports the development of assets such as solar PV in which

most vf the life-cycle costs are incurrcrl up front and that have very low operating costs over

37
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I the life of thc project. The I'I'C has been a critical driver ol solar deployment over thc past

2 decade.'"

Q47. Hovv HAs THE ITC LII'Fl. FHASHFI) Ix RgcF.'iT \ EARs".

4 A47. Until recently. Ihc federal IT(: «as in lhc process of sk pping down. Il had been equal to 30%

of the eligible project costs for projects cotnmenccd in 2019, 26% for 2020. 22% for 2021, and

v as on schedule to fall to 10% for non-rc(idential projects and 0% for residential projects in

7 2022 and beyond. To bc «ligible for any crixlit in excess of 10% a project also harl to he placed

g in service within four years and also hy December 31, 2023. These values werc codified in the

9 then-current statute and ivere thus properly assumed in Duke'c IRI'odeling complclcd in

10 summer 2020.

However. Congress passed legislation in December 2020 that extended thc stepdown

12 by two years. (t'oiv. projects begun by December 31. 2022 tvill enjoy the 26% credit and those

13 started by December 31, 2023 ivill receive the 22% credit. Congress also extended the "sal'c

14 harbor" provisions of thc tax credit, «hich allotvs dev'clopers to 'lock in" thc ITC tor up to

15 tour years based on the commencement of construction ot the project as lnng tts they irc in

16 service by Dcccmbcr 31. 2025. This means that a project that begins in Deccmbcr 2022 can

17 lock in the 26% credit as lung as it is placed into servi(te bet'orc January 1. 2026.'"'

g Q48. 1)oFs 1 HIS FXTExsIO('IAliE A Slx (IILE lvtPACT 0( Tnl'. E(li'iOVIIC( OF SOI Ak PRO IFCTS7

19 A4g. 'I'cs. The extension of tn.o years is very meaningful. Figure 3 belo«'ompares the two

20

21

27

schedules shoiving Duke's assumptions attd lhc current law. The rwo-year extension prov ides

a relatively modest incremental lax benelit of 4% m 2021. but a much larger 16% and 12%

increase in 2022 and 2023. respectively, Further, thc drop-dead date I'or placing a project in

'" Fur morc intonnatinn, please see hatt: 'mivv.scia ora initiatives solar-tave tment-tax-crertit-ttc.

"'rojects thol incur 5 4 of total costs or have started "physical work of a significant nature can claiin to have

"cunnnenccd construction" and thus can claim "sal'e harbor" Ibr the ITC fur thc entire project coo. For morc

inlonnatinn, sce Ltttpc:ew«i«seta nr "imtiativcs comntencc-cunstntc~tion- iiidancc.
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service tvhile still bemg able to safe harbor ITCs higher than 10% has also been pushed back

two years. This is critiratl period in Duke's IRP as it continues to r itnp up rcnetvablc energy.

35%

Federal ITC Changes
V

I

O

25%

sr 20%
nl

15%

10%

2019 2020 2022 2022 2023 2024 2025 2026

—Duke ASSumpunnS Current teW

Franrr 3 - Fr,l r rl I rl" I hunger

6 Q49. H()sv LARof. oF As IsIPAcT Dt)fs TIIE ITC Exs Egstos HA've os soLAII Fcoxosltcs.

6 A49. Enabling developers to claim a tax credit equal to an incremental 4%. 16%, and 12% of the

10

12

13

15

16

total capital cosi of the project )vill have a mcaningt'ul impact on thv economics of nctv solar

and solar plus storage projects. NREL's ATB workpapcr calculates thc leveliacd cost o(energy

(-LCOE"I for set eral locations. 5Vhilc cities in Duke's territories arc not specifically modeled,

ATB docs include data for Kansas City tvhich has similar insolation as Duke's Forth Carolina

and South Carolina territories.

Table 3 below shows the LCOE using iXREI. ATB'5 Advanced cost parameters under

thc old and ncsv ITC paradigm for Kansas City. 5Vhile neither thc production figures nor the

lmancial assumptions are the same as assumptions that Duke or other solar developers tvould

usc in South Carolina. Ihc tigurcs serve as a good prosy R)r thc magnitude of impact that thc

ITC change may have on Duke's modeled results. I'hc perccntagc rraluction in thc LCOF. ot'
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6

the project is nearly equivalent to thc incr«mental ITC benefit. For projects coming online in

2022 and 2023, ther«could be a $3-4! SIWh reduction in lev«lired cost. pushing solar costs

into the low-S20s pcr blah. This change vvil) make soLar cvcn morc competitive Io nctv

gcnenttion, much less with the mnning costs ot'existing gcncmtion. I)ut capttlfttlg these cost

reductions will only b«possible by increasing solar and solar plus storage deployments in Ihc

early portion of Duk«'s plamting horizon.

LC()E (SFAW'h) 2020 2021 2022 2023 2024

Duke ITC Assumptions $24.62 $24.1(2 $27.07 S25.91 $24 73

Current Law $24.62 S23.69 $22.74 S22.80 S24.73

S Delta $000 (S1.13) ($4.33) ($3i») $0.00

% Delta 0.0% -4.5% -16.0% -12.0% 0 0%

ralle S- I Crta tlat sr Dnk« lrc liorraaions wa 7 vnrvutrn

Given the four-year safe harbor provisions, it is possible to push out th«online dat«of

9 projects while still capturing u high«r Il('evel. Developers can capture th» higher I I'C by

10 ordering adaptab(e interconnection equipm«nt that it applies to various RFPs. hs such, as long

» as Duke continues with annual RFPs vn schedule. developers xhoukl he able to lock in the

12 higher ITC for RFPs out to 2023. 'fhis vvould allow cquipmcnt placed into sert ice in 2025

13 while still txapturing the higher ITC.

14 @50. Glvrx THls ESTExstox vtas xoT ISIPI ExtFHTED I x I'L ak FER DEKE FILEII Its IRI', Hovv uo

Too nrooxtxtF$0 FaooEEntxo?

16 A50. Duke vvas corr«ct to model thc existing statute when filing the IRP. Ilotvever. Act 62 requir«s

17

19

20

21

the Commission to determine vvhcther a plan was the most reasonable and prudent "as of thc

time the plan is reviewed.' Duke's IRI's still being r«vien«d, and failin to incorporate the

sizable change in law in its modeling vvould bc contrary to Act 62's provisions. I recomntend

that the Commission direct Duke to update its modeling to rctlcct Ihc new reality of thc federal

ITC extension and saf«harbor provisions

" S.C. Code Ann. xs 5((-37-(O(C)(21.
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1 8. Dnl'e's Solar PV f'a iinl Cost rtsxnn& &ri&no tfasi inca& nrare rite/TC Error&sion i&or art

Drhern ise Reasonable

3 Q5I. IBBv tttn 1)EKF nEv ELoP tTs kEKFsvvnLF. EKEkcv cAPITAt. CosT Asslatp rlossg

4 A51. Duke relied on capital cost assumptions for ol'fshore vvind. solar. and energy storage from

5 Xavigant for the years 2020 through 2029.~ For 2030 furtvard. Duke escalated costs based on

6 thc capital cost increase index from the 2020 BIA &t&L'O."3 The resulting blended capital cost

7 forecast reflect Carolina-specilic factors such as labor costs and land rental whil» capturing

tt the national-lcvcl longer-tcmt cost reduction trends as solar technology cvolvcs.

9 @52. 110'tv t)oEs 1)t KE 5 H)kEcAs'r rovtp,vttETo s&RFL ATB's FokEcasfg

10 A52. Because Duke's forecast utilizes regional-speciflc data rather than VREL ATB's general

12

13

15

16

natiomvide averages. Duke's near-term forecast reflects the lutver costs associated tvith doing

business in thv Carolinas. Dtrcctionally, Duke's forecast represents a dotvmvard step of

roughly 20&% from the &sIRBL ATB &'cinder tte scenario in 2020. Anmtal cost reductions are

shallower than the NREI. ATB Advanced scenario from 2020 through 2030. before aligning

with thc ATB Advanced scenario in 2030 and beyond. 'Ihc resulting forecast is shown in

Flgulc 4 betovv.

o Exhibit KL-3.
v& DEP tkP Rcport at l22
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BEGIN CONFIDENTIAL

END CONFIDENTIAL

3 Q53. IVIIATIs voultvIEii'oFTHls FoRFcART?

d A53. On balance. I helicvc it is reasonable, although these values must he updated Io incorporate thc

ITC extension. It properly adjusts tor local constructi&m and land rent cost factors and shoivs

6 an overall cost reduction trajectory that, iihile nol as agLncssive as the NRI)L ATB Adi kneed

7 scenario, does reasonably mirror thc ATB hlodemtc scenario. I recommend that Duke monitor

g the evolution of solar capital costs and revisit than frettucntly as the industry has more often

9 than not seen I'aster cost reductions than anticipated. If in the I'uture costs are I'ailing faster than

10 currently anticipated. Duke could readily update its forecast.

C. Dkle'xgk)lur Fixed Odhtf Costs ore Tr)n Hi~h

12 Q54. SVHAT)vAS )HE'vA) t'FARO SOURCE FVk DURE SSOLAk FIXFH 0)k5ICOSIS?

13 A54. Duke used a value of~ kN-year hased on an'internal PV OEM model." This nas held

14 constant through lhc analysisperiod."'5

Q55. Hon l)oEs THls vALLE coiIPAIIE To THI:. iviRVI. ATB I'IGL'REs?

H Fshibu Kl i k

37
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I A55. It is relatively higher than the capital cost forecast, and unlike that metric. Duke docs not project

10

a decline in prices over time in the lixed Olkht cost category. Thv NREL ATB Irlodcrate and

Advance cases have lixed OPXI costs for 2020 of S16.65 and S I 6.48 I kK-year, respectively.

falling steadily to S15.2-'I and SI4.1 I/ kW-year, respectively. in 2025. Duke's 2020 fiuure is

roughly 12% Io«cr than NRI.L A'I'B's, a notable divergence trom its capital cost adjustmcnt.

By 2025, Duke's figurc has not changed «'bile thc Ni'REL ATH has fallen 8.5% and 14.5% ascii

after accounting (or inflation.

Figure 5 bclo«'huivs the ori inal and adjusted NREL ATB values along « ith Duke'

forecast. The adjustment applies the siune average 19% iliscount to the lixed Otkhl cosis as

«'s projected on the capital costs. By comparison, Duke's projection for fixed Okl)I begins

and stays I high. BEGIN CONFIDENTIAL

12

13
END CONFIDEN I IAL

14 V56. ARE TIIERF. LscFRTIYEs FoR TIIE soLsR ISDLsTRY To t)RIvE REDUcTiots Is FISED OAIsI

15 Coss s?



ELEC
TR

O
N
IC
ALLY

FILED
-2021

April22
3:00

PM
-SC

PSC
-D

ocket#
2019-225-E

-Page
8
of27

I A56. Absolutely. As capital costs fall, fixed ORM costs become a hi her proponion of th» lifecycl»

costs of a solar plant. Solar is a competitiv» industry se»king to apply nctv technologies and

data analytics to proactivcly and predictively anticipate outages to minimirc system downtime.

Companies that can bid locver cost OctCM costs will bc able to cvin competitive procuremcnts,

and penalty provisions in PPA documents cnsurc that operators will hold up their cnd of thc

6 bargain lest face financial p»naltics. The tc:REL ATB forecast r»cognia»s th»sc t'ac(ors and

7 prie» in a decline over time.

8 Q57. YY RAT DO YOC RECOYIXIEXI) 1VITti RFC tntiSTO DEKE'S FIXED Ocg:.YI COSTS".

9 A57. 1 recommend that Duke model lower costs to mirror thc discount from thc NREL ATB that is

10 used in the Company's capital cost forecast. 1 lunhcr rccommcnd that it assuinc il price dcclinc

ll at least as aggressive as the YREI. ATB Moderate sc»nario to relic»t thc innovation occurring

17 the in 0$;hl space.

LI. Dttke's Ener rr.Stot'a 1 Cost and 0 erational dssttnr nionc nre Ina 1 tro rriare

14 Q58. 11011'll) DEKE coxsTRLtcT I is ENERGY sT0RA(IE cos rs7

15 A58. Duke relied on a third-party to produce its cncrgy storage cost estimate rather than r»lying on

16

17

19

70

21

22
7—.1

one of several publicly acailablc benchmarks. The Company admits that its prices "appear

higher than published mimbcrs" but claims this is due to dilfcring assumptions. Spccilically,

Duke claims that its higher prices arc itttpactcd by:

~ Using a 20% depth of discharge (-DoD") limit

~ Historic DFCiDEP interconnection costs

~ I ligh»r softcvare and control costs

~ More exp»nsive HVAC and tire suppression equipment

~ High integration cosLS duc tu the Company'x lack of exp»riencc with»ncrgystorag»''EC

litt'eport at S41.

DEC IRP Report Appendix 11.
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Despite calculating higher initial prices than other bvnchmarks. Duke does forecast «

34'1 price decrease between 2020 and 2029."' lmvcvcr. other benchmarks also project steep

3 cost declines and thus Duke's costs continue to bc above other estimates through 202t).

4 Q59. Ilolv uoFs DL'KF s TDFLIKE BA I'TFR Y ('ttsT FsTISI sTF costi'ARE To oTHER BEhcHlIARKs

oR RFP RFSL'L I'?

6 A59. Duke claims that a standalone 30 SI VV / 200 hIYVh battery connected at the transniission level

7 and online in 2021 svould cost~ kW.»" This figure is compared to other henchmarks in

Table 4 below.

C« ital Coal (5/kYV) I'ised Ok 51 (S/kSV-vc«r)

Online Date
Duke
. iREI. ATB Advance
VREL ATB 51oderate
Lazard v 5.0 (2019) 'azardv 6.0 (2U20)r»

Santee ('ooper REI

51.204
$ 1,469

$898 - S 1,874 (2019)
$752 - S1,401 (2020)

$ 1,324 (2072)

S926 $800 $30.10

$ 1,194 51.121 $ 36.74 529.84 S28.03

Tutee '- /vcr i Srrv vns (bri Cviiip»nun

10 QGU. DLKF. cLAlsls THAT oTHER tiFKctlslARKs 'I IKELY AKLY csr.('LL.'(TE IHF. cost'F THF.

ll BA1 IFRY BASEII OK THF RATEI) FVEROY OF THF n'sl IFRY IIATHEtt 'I'HAS At)lt STIKO FOR

12 DODAsnurcRAusTIDK. Is Ttttsscc(RArE?

13 h60. Vio. Duke stated that -rVREL benchmarked costs against publicly availablc 3rd party data. If

15

another source did not includes [sic] costs for DoD, NREL did not «dd additional costs in their

benclunnrking." 'Vhilc it is true that h:REL noted "a number of challenges inherent in

s'EC IRP Rcpun at 341.
*" Eat«hit KL-l.

Larard's I.et clized Cost of Stnmgc Analysis — Vcr»tun 5.0. Nuvembcr 2019. Ai ailablc at

hnns'smc.i«sard curn media,'45tutt7 i»cards-tevctized-cost-uf-st»raven.e~rsi n-5~0rvf. df.

'" I.azard's Lcvciizcd Cost ul'Stunt 'c Analysis — Versiun 6.0. Nus mnhcr 2020. Available at

hnps us»i@.~lard cumimcdiA'4S14 ts,'I»raids-tet»tired-cost-~f-stu,t~e-scrsion~(ro tf,

'xhibn KL-7. Duke Rcspmisc tu S( SIIA RFP 3 (producing L)utrc response tu DR K('SEA 3-14. attiichmcni

b,'CSEA DR 3-14 BaneryCustCumparisunt.

40
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I developing cost and perfonnance projections based on published values", its methodology

insulates the Iinal cost projection from this issue
-'

5

6
7
8
9

10
ll
12
13

To develop cost projections, storage costs were normalized to their 2019 s aluc

such that each projection started lvith n vnluc of I in 2019. KVc chose to usc

normalized costs rather than absolute costs bccausc systems were not ahvnys

clearly defined in the publications. Fnr exatnple. it is not clear il' system is

more expensive because it is morc cfltcicnt and has a longer lifetime. or it'ltc

authors simply anticipntc higher system costs. EUith thc nontutlized method.

many of thc dift'erencc Isle] matter to a lesser degree. Additionally. as lvill bc

sholvn in thc resuhs section. the 2019 benchmark cost that tvc have chosen for

our current cost of storage is lotvcr than ncnrly all the 2019 costs for projections

published in 2017, By using normalized costs. lve raut morc easily use these

2017 projections to inl'onn cost reductions from our lovvcr initial point."

14 NRI:L's approach uses third-party data to develop an alverage cost decline over time and

applies that to a bcnclmtark 2019 price of $380 / kl'I'h to create its projections. As long as

16 thc individual studies in the third-party data mainmincd internally consistent assumptions (an

17 entirely reasonable assumption), the spccitic DoD and degradation assumptions ot'hc

18 individual research reports are less important.

19 Duke is correct Ihat Lnznrd's 2019 energy storage report assumed 100% DoD and did

20 not account for degmdation. Holvevcr, Lazard's 2020 energy storage analysis corrected these

21 issues, assuming a 90% DoD assumption and ovcrsizing bakeries by 10% to allolv for

72 degradttion over time.'hese results produced the more robust results show'n in Table 4

23 above.

24 Q61. Holv DoEs Dt'KEAccoul I FoR BA'IH'FRv UEGRADATtox ol'FR 1tltF7

25 AG I. Baucrics degrade lvith usage. To maintain a minimum performance threshold. onc can either

26 oversize the battery at the beginning or mtgmcnt the battery capacity over time to counteract

27 the degradation. In the ovcrbuild approach. one m;ty install 120 MKh of baucry packs in a

28 battery rated at 100 MtVh. This lvould allolv for 20 h1'\Vh of tlcgradation otvr the lifetime and

cost I'rojcctivns for Utihty-scale nancry stvragc. Eozo ttkdatc, AREL June zozo. (-YRFL EUEU Update" I

(I bl h~ . I. "8 i '~ll i175!8 . 4f

uiJ. at 3.
u '8 ttFL 2020 L'pdate at 5.

Lazard i G.U at 4.
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10

12

13

17

19

20

21

22

still enable thc battery to charge and discliarge 100 51Wh. (3nder an augmematiun strategy,

one vvuuld install n 102 h'I'IVh battery and add roughly 2 IvltVh of neiv capacity cnch year to

counteract thc degradation of the original capacity. This cvould also allow thc battery to charge

and discharge 100 Miyh through the life of the project.

Duke approaches this issue difti.rently I'or standalone storage and for solar plus storage

installations. For ctandalunc storage. Duke utilizes an annual rcplvnishntcni strategy. The

annual replenishment cost for the standalone storage is in addition iu (and slightly higher titan)

its annual lixed 0&hi costs and explains vvhy Duke's estimates are so much higher than

Xi'RELs. By contrast, NREL allocates nil operating costs to the fixed O&hl bucket aml uses

thc higher ol thc tixed O&hl estimates t'rom third pariicc, thus "in ecscncc assumting} thai

battery perfonnance has been guaranteed over thc lifctimc, such that operating thc b utciy docs

not incur any costs to the battery opcnitur."" lt is unclear why Duke lms total tixed O&hl

costs so much higher than YREL s given that AREL's costs already include cc'eiything

required for tumkcy operation of the project, including thc impacts of de r;idation.

For solar plus storage inctallatiunc, Duke acsumcs the lifi:time of the battery is equal tn

thc 30-year lifi. of thc solar asset, overbuilds thc initial battery, and makes onc change at year

15 to tunctionally rebuild the battery.'" The occrbnild is substantial. For a 75 hllV solar PV,

20 MW,'O l41Wh ("usable") battciy conliguration with a 20% DoD liinitation, Duke first

assumes that I OO KI(VIt ul'torage is required for 80 M(Yh of -ucable-

storage. Thon, to account for degradation, Duke further assumes a 43% uverbuild ratio to

nllovv the battery to degrade for 15 years ai roughly 2.4~/n pal year before being overhauled. It

also assumes a very high ILK of 1.6. adding further to ihe total costs of the project. "

')FC IRp Repon at 340.
NREL 2U20 Update ai IU.

'" Fxhibit Kl.-tt. Doke Response io sCSBA Rt'p 2 (producing Duke rexpoose io DR tcCSEA 5-2).

Fxhibit KI.-3.
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I Q62. Is DLivE's APPRO vcn To BATI ERE nEFILvt&ATiox Ix sot AR PLLssTIIILvcr Pnosrc rs I IRFLT

To BE A LEAST-cosT At Pnoxt 1 tg

3 A62. No. Energy storage costs arc declining rapidly. a tact thai Duke itself readily admits and

assunics. Under Ibis case. it is inexplicable that Duke vvould overbuikl its solar plus storigc

batteries upi'runt by a total of 79% (143 MWh for an g0 hITB& -usable" battery) at today'

6 higher costs. Thc much more rationul approach vvould bc to replace energy storage packs as

7 needed on an annual basis tu capture thc benefit ol'he cost declines. as it did in its siandalone

g storage approach and as is done in NREL ATII.

Failing to do so greatly exaggcrates the cost of storage ivithin thc solar plus storage

10 project. This can bc seen by comparing thc projected cost of tivn 10 M1V '40 Mygh standalone

batterics Io the cost of the 20 lvl\V I hO hIWh storage asset in the solar plus storage project.

Thc 2020 total cost for thc standalone battery project is f )but thc corresponding

13 total cost ofhattery portion of thc solar plus stonigc project is j )morc th;w 16%

14 higher. This cost differential uas explained by Duke to be related to thc choice of managing

15 battery degradation over time.

16 Q63. AstuE FRoxl THF. IRRATIQSAI.ITE oF Tnts APPRoAI;H, Dogs DI:KE s cAI.I'L'LATI()x oF THE

17 BA1 I'Ekv REPLAcEvlEBT cosT HAv I:, FLAvv s7

lit A63. Ycs. In its calculation for the Icvclized fixed cost of repl icing a baucry midivay through the

19

20

71

23

75

30-year life, Duke's calculation erroneously assumes that 100% of th» battery pack must be

replaced. Its formula further assumes thc incorrect date for the battery replacement. In the

calculation for a 2020 solar plus storage battery replacement (duc to be dwie in 2035 for a

system installed in 2020). Duke calculates ihc cost of replacing 100% of thc battery pack, 50%

of thc poivcr electrics, 15% ol'hc system integnition cost, and 5% of thc site installation costs,

Hou'ever, these costs arc taken froin 2032. not 2035, shorting the expected cost reduction for

the replacement capacity by three years.
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I-urthcr. the calculation assumes that 100% of the battery must be replaced. R«call that

Duke had overbuilt an g0 MTVh "usable" hatt«rv to 100 MIVh to account for DoD. and then

3 further ovcrbuild by 43% to 143 MA'h to allow for degradation. AAcr fifteen years of

4 degradation. Ihc battery should still be providing 100 hltiVh ol'apacity. !'r Duke to

5 completely scnip this battery at zero residual value. dcspitc its sizable remaining capacity. is

6 inconsistent tvith its own assumptions. h( a minimum, Duke should account for some residual

7 value I'rum this battery. Morc appropriately. it should only replace th» 43 M((qi of ovcrbuild

g needed to return the batt«ry to thc original overinllated capacity with some allowance I'ur

9 incremenial capacity Io account for the hi her likelihood of battery failur«past year 15. If the

10 Commission allot«a Duke to use this approach, it should at least requir« it to usc the proper

I! y«ar tbr thc rcplaccmcnt capacity calculation and rcquir» some level o! credit Ior the r«sidual

value o! the battery.

13 Q64. ARE 1 HFRF.0TH FR ISCOSSISTFSCIES RFTtvEE'V DLIitE'S FSERG'vsTORAGF.ASSUstpTIOSS fOR

14 sTARDALosE STGILvGF AVD soLAR PLUs s I'oILvGE PRDJEGTS7

15 h64. Yes. Duke appears to bc using a diITerent capital cost estimate for its battery packs in a solar

17

19

20

21

22

23

25

plus storage projects than in a standalone storage projects. For standalone stomgc projects,

battery packs in 020 are projected Io cost ~f ktVh ot suirage. This value is consistent

across all sizes and durations of standalone projects. However. I'or thc 20 hlÃ / ItO Mt(qt solar

plus storage project. thc battery pack is assumed Io cost~ klVh if measured on a "usable"

basis (i.». RO h((Vhl,~ kygh if measured after a DoD adjustment (i.e. 100 hIIVh). or~
/ kW& if based on the actual stora c amount install«d (i.e. 143 M'tVh).

Consid«ring that Duke plans to initially install the 143 Mkyh battcrv tbr this project, it

appears thc lot«est cost estimate is the most appropriate. I lot«ever. that begs thc question as

to vvhy the battery pack cost would b«so much lotvcr in this contiguration than for a slanda(onc

storage project, parti»ularly tumsidcring the degradation strategies and other costs such as

power cl«ctronics are indcpcnd«nt from this cost. Duke's internally inconsist»nt projections.
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I all of &vhich have been marked cvnlidential, lend further &vcight to using a publicly available

2 benchmark such as NREL's ATB.

5 Q65. II'I&AT Do toe RF('0313IFSI) iAITII REGARD I o BATTERT sToRAGE co'sTsg

4 A65. 1)ukc's cost cstimatcs are substantially higher than other bcnchmarks and recent Rl I result&z

5 t&Vhil» Duke claims thc dit'tbrcnce is largely duc to assumptivni on DoD an&I replcniihmcnt

6& approache~, it erred in interpreting NRFL's ATB battery cost n&cthodvlogy. Fuither. &Iie

7 ('ommis&ion already ruled on this issue in the DESC IRP case. Iinding that DESC sitnilarly

g overinllatcd its sivrage costi and &hrccted it to remodel its IRP usin NREI. ATB's Ad& anced

scenario.' rccommcnd th& Commission find similarly in this case and rcquir« that Duke

10 hase its battery costs on NREL's ATB Advanced scenario. rccognizc that battery puck

11 degradation is already accounted for in NREL's ATB lixed Oi951 cost and should not bc used

12 tv artificially inflate the sire of a modeled battery, and require Duke to use consisteni costs for

baueri«s in standalone storage and solar plus storage project& unless it can justify dil'll:rential

Id in cost due to operational expectations.

15 Q66. TVH &T ASSUIHPTIOSS DID 13(IHF I'SE FOR &FI ORAGE DURA I'IOS I.'& ITS VLCC vIODFI.ING7

16 A66. Duke modeled cncrgy storage at t&vo-, four-. and sii-hour durations in its 2020 EI.CC Siiidy,"

17 Ho&vever. it decided tn model only tour- and six-hour dumtivn bat&cries in iti IRP, stating that

I lt "[t]&«o-hour storage gcncrally performs thc same I'unction ai Dghl programs that, not only

19 reduce &vinter peak demaml, but also tend to flatten demand by shifting energy from thc peak

20 hour tv hours just beyond the peak."'"

21 Q67. Do T&vo-HDER BATTERIEs PRov&DE vsEFEI. (APAcITT DERIWG v(1'&TER A.'&D st:SISIER PEAk

2'& I.OAD HOI'RS!

~ DESG IRP Order at St&.

"'FC IRP Report at 343.
" HFC IRP Repon at 3-19.
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I A67. I'es, they do. Duke included several analy~es that show that vshilc two-hour hatt»ries tend to

2 produce lou'er capacity contribution lev»ls than 4- or 6-hour batteries, they can contribute

3 simiflcantty to winter and summ»r peak loads. I:igurc 6 below is th» EI.CC curve ol various

4 battery sires for DEC and DEP.'hc two-hour battery (in blue) is somewhat lower than the

four-hour (orange) and six-hour (greco) lines. bul it maintains more than SS% of its capacity

6 value up to about I, l00 MAY and 70% of its capacity value up to about 2.500 AIW ol'storage.

ao D

7

g Fryne 5- Dl P«od l&EP am»n FCCC

Considering that battery packs represent a substantial share of an en»rgy stomgc

10 system's cost. allovving a limited quantity of less expensive tvvo-hour batteries can help d»fcr

II the need for other capacity at a losvcr price.

l2 QGH. )TIIAT ls VOL'R liFSPOaSE To Duka ) CLAISI THAT 1vVO -IIOER 8\TTFRIES "OE)Ekvl.l.V

PFRFDRsl 1 Hf sa)IE Ft xoTIo) A) I3gxl PkooRA)1) ?

l4 AGII. I disagr»c. D.'iM programs typically have limits on how often they can be activated. and even

IS if they did not, participant fatigue couhl diminish the response after multiple consecutive calls.

IG By corurast. Iwo-hour bakeries are independent of bu)iness or behavioral decisions and can

17 reliably perform every single day for years on end.

lg QGO. 1)'HAT DO VOU RECOSLslfkD REOARDIROSIODELED RsTTEIC'V DLRATIOn?

"Figure H-4. DEC IRP Report at 346, DFP IRP Report at 340
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I AG9. I recommend that Duke update thc model to select up to 1.300 hi% and up io 1,000 Ml&r of

2 rwo-hour battcri»s in DEI'nd DFC. respectively. These levels correspond to capacity values

of 70%. Considering thc cost discount that one can obtain from shorter-dumtion haucrics, th»

tradeoff for capacity value may bc selected in the model's optimization routines.

F.. Dnl e 's 0 era&i anal zhssn&n ihms ar Solar Should b& hn &roy&'&I

G Q70. 1VHAT ARE THF, Tsvo x&osT co&is&ox TTI Frs or GRouND-\toLNF so&.AR PX r&HLIFcTs

7 INSTALI.FD TODAT.

g A70. The t&vo most common types are fixed-tilt arrays and single-axis tracking arrays. Fixed-tilt

9 arrays feature lixed solar panels that are typically lilted toward the southern horizon. The level

10 of tilt depends on several I'actors, bui typical installations in thc Carolinas &vill have tilts in thc

11 20-30 degree range to incrra&sc the total amount ot'cncrgy pro&h&ced over thc year. Single-axis

12 tracking arrays f&.ature panels that are typically oriented liat in north-south ro&vs th;u can tun&

13 cast to &&est as thc day progresses. This trackin enables the panels io face thc

)unmoral

directly

14 through the day, increasing thc a&nount and duration of energy production.

I5 Q71. &&VHAT Ti&ENI&s ExlsT IN 1HE I.AR('E-scALE so&.AR &IARRET RFLATED To FINED-I'H.T oR

16 TRAci&ING svsTExts7

17 A71. Over thc past decade, there has been a steady shift from fixed-tilt projecL) to single-axis tracker)

that has co&re)pondcd tu a decrease in thc price prc&nium ol'tracking syst&nn hardw'are.s'nder

19 today's economics, the b»nefit from added production outwciehs ihc higher cost ol'racking

70 l&ardhvarc, making it an economic d»cision to install trackers in most locations

21 A)72. Ks) T&us sA'&&E TRES&& occL'RRFI& IN 1HF CARol &Nss!

22 A72. Ycs, it has. Figurc 7 bein&v sho&vs thc sliarc of PV systems install by type in North Carolina

23 and South Carolina"'here has been a notable increase in tracker deployment since the mid-

24 2010). NIorc than ROH of PV capacity completed in 2019 used single-axis or dual-axis

F 864. I "il bl 1~I.« . i~I '«I l,.6
"'d.

47
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tr'ackers. Based on conversations )vilh our solar industry members. there is every expectatton

that this gro)vth trend )vill continue tin&I that single-axis tmckers )vill he remain the dominant

type of system installed in thc future.

NC/SC PV Installs by Type

100)6

70)s

60%

50)t

30%

~ Dual ax x

~ smsle Axis

~ Fixed

7010 2011 2017 2013 2014 2015 2016 2D17 7016 7019

rlau)r -ACS( Pl la)au(xio lmx

6 (}73. IS THERE A I)IFFEIIEscF. Ix 50).AR PR()I)Lcl lox FRUxl FLxl:.0-TIL I Axt) stxGLE-Axts

7 TIL'LCKIXG SYSTESIS?

g A73. Ycs, and thc difference is notable. In general. single-axis tracking systems climb to their peak

10

l2

13

output earlier in thc morning and maintain their generation levels later in thc at'temoon,

resulting in a sizable production premium over lixed-tilt systems. Single-axis trackini

systems'bility to maintain production lat»r in thc ancrnoon incr»axes thc capacity value

compared to lixed-tilt installations. Figurc g bein)v is taken from Astrapd Consulting'5 -Duke

linergy Progress 2020 l(csource 7tdcquacy Study'nd shows th» ditfercnce bet)veen lixed-till
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and tracking systems at different invertcr load rating ("lLR") assumptions."'"'he

incremental generation in thc morning and the ctscning adds over the year, resulting in tracking

systems producing 19% nlore cncrgy in total than lixed-tilt systems.

Figure 7. Average August Output for Difft real Ittverter Loadiug Ratios

80

70

ao
60

O.
~ 500
at

40

ga 30

E
o 20
Z

10

0
0 10 15

Hour of Day

20 25

F&"nre X - Fi.«xf &r rrm I're riever ninn Prnii re

f& @74. PLEAsEFEPLAlsttosvDL&KEIscoltPoRATEssoLARA1&st:SIPTIosssLEIIAssvsTE'&ITTPEARD

7 IRL ISTO ITS IRP.

"'FI'030 Itcsource Adequacy Study at 35.
"'l&e invcrter load raling is thc ratio vf thc DC capacity of the panels lo thc AC capac&ty nf lhc inccncr. u'hite the

PV system car&not exceed its AC capacity, increasing thc ILk allo&cs lhe system to pruduce al &Is maximutn le& cl fvr

morc hours. mcrcasing total vutput.
"'xhibit KLAL Duke Response to SCSI3A RFP 3 tproducmv. Duke rcsponsc tv Dk ICCSE&» 7-7'l.
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I A74. Duke's methodology of incorporating solar in its IRP is anything hut straightforward. It rcli«s

10

12

on a 201k report from Astrape Consulting ("2018 hstrape") to cs(ahlish the solar-only capacity

credit at difterent levels of penetration. 'strape modeled ditTcr«nt tranchcs of solar

deployment with ditycrcnt system type and II.R assumptions. From this, it estimated the

summer and w inter capacity cr«dils of 20%;trtd 1%, rcspectiv ly. I'hase values )vere used tlt

thc IRP modeling for standalon«solar projects.

Astrape assurncd '2,950 MkV of existing plus "transitional 'V projects in its baseline

forecast."'f this nearly 3 (ikV of capacity, only 297 hlkV tvtts assumed lo he singl«-axis

tracking, with the r«maindcr tined-tih. It then tuldcd four tntnchcs of capacity in DEI'nd

DEC, assuming 75% tvtts lixed-tilt and 25% single-axis tracking. At the end of its projcctnl

deployment. Astrapc assumed that of the 7 GkV of solar deployed, only 1,120 M)V or 16%

would he single-axis trackers as shtttvn in Figurc 9 bclotv.

Fxhtbit KL-I 0, Duke Response tu SCSI)A RFp (producing Duke response to 1)R &eCSLtn t-tt ("Duke Fucrgy

Carolinas aad l)ul c Energy Ptogrcss Solar Capacity Value 'Study 'll.
'he "capacit& credit" is thc fmct ion of solar nameplate capacity that is assort)ed to bc availablc to meet summer

and winter peak den)ands. Exhibit KL-10, Duke Response to S(;Sltn RFP 2 (producing Duke response ro DR

&eCSL&A s-gl.
'ransitiuoal projects arc out defined in thc Astrape stud&. but appear to be smular tu Duke's "dcstguatcd"

capacny.

50
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a,000

2018 Astrape Study Assumptions - Cumulative Installs

cr 6,000

g 5,000
2
Z 4,000

3.000

E
u» 2'000

~ Singe rs is

~ lixed tilt

1.000

0

Existing Util Exishng Traasitxin Trani.he I Tranche 2 tranche 3 Iranchr 4

PURPlr

Flglice rr - 'lrl 'I innlpi siaill I nlilayrlalcr - Cllaiillrlill 'llirrllll

By comparison, 5.2 Gtv of large-scale solar had been dcplnycd in North Carolina mid

South Carolina through 2019."'t that point, single- nnd dual-axis trackers already comprised

40% of msuilled capacity, and based on recent trends, trill be projected Io increa~e further in

the future. Figure 10 belotv shosvs the cumulative installation b& type through 201c).

"Based on data retxsncxt to FIA Form R(io in 201 9.

51
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NC/SC Cumulative PV Installs by Type

5.000

xx
a
3 4,000
g

3
5 3.OOO
Cl

E
2,000

~ Dualrxx s

~ 9xaa! c Axn

~ Rxxd

2010 2011 2012 2013 2014 2019 2016 2017 2018 2019

Fleur( Io- Xt SC Caxaldadax Pl Iasada 13 n/a

3 Q75. TVHY IS TIII!x IIISCREIX35CY tat VORTRX I ".

4 A75. lt is important hecausc hy underestimating thc sharc of single-axis tnlckers, Astrapc is

10

12

13

underestimating solar's capacity contribution. Its analysis shows that single-axis trtcking

systems provide substantially morc svinter capacity than lixed-tilt systems; tracking systems

provided 4-5 times the tvinter capacity benetit as tixed tilt in ftTC's territory, and 8-sl tim«s

the capacitv bcncfit in DEP's territory, 'lthough the relative level of solar xvinter capacity

contribution is small under Astrape's assumptions. schon deployed over many thousands ot

hilly, it produces 0 meaningful ditTcrcnce in the winter capacity contribution of solar-only

1'csour'ccs.

further, because daily generation ol'ingle-axis truckers exceeds lixed-tilt systems,

solar systems paired tvith storage will have more opportunity to charge their battery during

xvinter months. This can increase the amount of stored energy that is available to meet both

1 20III Aclrapc at 39-41.

52
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I morning and evening winter peaks, fttrthcr increasing the capacity value of solar and storage

2 systems.

3 (}76. Dt» f)L'KE USE TIIE SASIE CAPAr'ITV COYTRIUL&TIOS ASSL'Xll'TIOSS FOR I'S STASUAI.OXE

SOLAR PROJECTS AS I f »ID FOlt ITS SOLAR PLL!s STORAGF PROJI'r'TS'!

5 A76. silo. SVhi)c the standalone solar capacity contribution came from a 2018 Astrupe Consulting

6 report, the storage and solar plus storage capacity contribution crone I'rvm a 2020 Astrape

7 Consulting FLCC study."'n this report, Astrapd modeled new sohar plus storage systems as

8 single-axis trackers tvith a 1.5 ILIA, but it is unclear tvhat assumptions it used for the existing

9 fleet of standalone svhtr." Thc assumption that all nciv systems be trackers with high ILIA is

10 appropriate. but if Asirape assumed an existing tleet mix that contained too I'civ tracking

ll systems, it could sufter thc same untlcreslitnate in solar contribution as lhe 2018 study.

12 Q77. Dogs DIIKF L'SF TIIE sASIF svsTF&l xltx Asscxlv [loss ts ITs IRP As I r»oES Ix ITS& cAPAct I'v

13 COuTRIBL'TIVK STL l)IFS'!

14 A77. Is'o. After establishing the capacity contribution ol standalone solar from the 201g Astrapd

15

16

17

lg

19

21

study, and solar plus storage and standalone storage from the 2020 ELCC study. Duke creates

another sct of assumptions for thc dcploymcnt of solar going fvlward. The Company assumes

that 100% ol'xisting PIIRVA projects are fixed-lih and tvill bc replaced wilh tixcd-tilt

systems. It ass&uncs that development to meet -designated'nd 'nandatcd" dcnmnd (c.go.

builds Irom existing programs such as CPRE mid C&SA) tvill bc split 60/40 be»veen single-axis

trackcrs and fixed tilt ay~terna." Finally. Duk«assumes future "undesignated" builds will be

optimized based on modeling runs.

'oke Fuerx& ( u role&us uud Duke luerSm /'& «gress Storage L'/li cure I nad Cunyi up Capo bi/i&& /ELCC& .Soulr,

Astrapc Consultiag, Scptemhcr 2U U. ("ELCC Stud&" I

ss FLCC Study at 7.
~ Exhibit Kl.-l i. Duke Response to SCSBA RFI' (poalucioa Duke rcspousc to Dlt 'ACSI&&V 3-5 I.

" Exhihit KL-I I.

53
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I @78. IVIIAT Is THF. Basis FOR TIIFRE FIGERFs!

2 A7g. The designation of 100% of VURPA projects as lixed-tilt appeir to be based on a simple

assumption: -This segment represents thc existing capacity associated with standard PIJRPA

4 «ontracts ivhich arc assumed to bc lixed tih cuntiguratiuns!"s Duke did nut provid» any data

5 to support this choice.

Thc decision Io model "designated- and "mandated" system mix ivas based on thc

7 vvinning bids uf the CI'RR Tranche I RFP, ivhich were received during summer 201g. Kkhile

g these bids may have been rcllective of the state of the market at th;it time, they are no lunger

9 rellcctive of vvhcre the industry has moved.

Thc modeling optimization adds single-axis tracking systems over tixcd-tilt systems

11 I'or all thc reasons that were discussed previously.

12 979. ARE DII'F.'sxssuxlFTIoxsox rllEsE EI.FvtESTsvvt.in'

13 A79. Yo. Duke appears to have blankctly assumed that 100% ol'PURPA projects arc current Iixed-

14

16

17

19

20

tilt and ivill all be replaced vvith lixed-tih systems in the future. This assumption is clearly

contradicted by the data. Figurc I I below shoivs thc evolving mix of small systems in the

Carolinas that are must likely to have hccn built under PURPA. 6'hilc Duke's assumption thin

all PURVA projects arc lixed-tilt may hai c been more valid through 2016, in thc past liirc years

thc market has evolved and even these smaller projects arc shitiing to single-axis truckers. Of

the 243 lull of systems under 10 hiW built in 2019, a full g0% ivcre single- or dual-axis

trackers.

"" Exhibit KL- I I.
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Small PV System Type by Year
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4 AGIO. Ycs. I'igurc 12 below shovvs a similar chart for systems betssvcn 0 and 50 MIV and over 50

10

I)IW. These are the projects that are winning CPRE bidrc Duke noted that the median proposal

for Tranchc2 RFP svas 50 MVV in DEC and 75 MSV in DEP. Svith svinning bids averaging 55.8

MIV in DEC and 80 )) IIV in DEP. Duke's;)ssumption that 40% of these systems )vill bc

lixed-tilt is out of date. In 2019, tixed-tilt systems only constituted 15% of capacity in these

size categories. Based on trends across thc country and in the Carolinas. there can bc little

expectation that the Ircnd tosvards tracking systen)s will bc rcvcr'ed.

Duke IRP Attachment Il — Cornpct)t)ve Procurement or Rene)cable Energy Program L'pdatc at 7-8.
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Large PV System Type by year
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3 Qgl. Holv 5IUcH cAPAclTY Is lslPAcTED uy THEBE AssEAIPTIO ss".

4 A81. The system type assumptions affect a substantial amount of soLar capacity. Figure 13 below

shoscs the breakdu«n ot solar additions by progmm. 1'h» PURVA)sC REVS category

(assumed to be 100% tised-tilt) dominates the early mis. «ith CPRR capacity additions

(assunled lo bi.'0% tracker x(0% (cacti-tilt) growing through 2026. Only tosvards the cnd ot

2029 does the future growth category (100% tracker) get deployed in earnest.

66
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12,000

Solar Deployment by Program
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Duke's assumptions on system mix prod(roc a model that relics too heavily on tixed-

4 tilt systems and does not rcnurd the multiple benefits of single-axis tracking systems that arc

5 being deployed in thc market. This in turn negatively affects the economics of solar and solar

plus stontgc facilitics in the Company's modeling.

7 Qg2. VVIIAT Ll(HTAT(ogs mn DUKF Asses(E Ix ITs IkP kELATFD To I ltf INTERcoxxEcTIox ol'

sol wk Axn soLAR PLL's sl okAGE Pkt)JEcTsg

9 At(2. Duke placed 0 hard limit on thc quantity Uf solar and sohtr plus storage that could bc

10 interconnected in any year to 500 tet(V (split 300 rsrt(V in DEC an(1 200 rV((V in DEP) in thc

ll base cases and 900 MNr (split 500 hlyd in DEC and 400 rltrrV in DFP) in thc high rencrcahle

12 cases." This limit atTectcd all solar. not just those added through the modeling optimictttion.

13 Qg3. 114s DL KF IRTEk('oxt(FcTED (IORE TH tg 500 31(V IN ART Tl Ak Lx tx THE PA6T.

Iixhihit KL-12, Duke Response tu 5('SIIA Rl P 2 (pruducin Duke response ro DR KCSFA 2-l8k
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I Ag3. Yes. Duke interconnected 71g!v1W and 744 lsltV in the ttvo temtorivs in 2015 and 2017,

2 respectively. Its highest single year in DEC vvas 190 hliV in 2016 and its highest year in DEP

vvas 633 h IKV in 2017.tat

4 @84. iyot Lu vov Egprrz DEKE To ttF stoRE EFFtctFSF Az tsTFRroxxrcrtxr svst Ests xovv Asu

5 ts TttF. FtiTURE rHAR 1T vvAS ts 2015-20177

6 Ag4, I vvould certainly hope so. Duke'c IRI'cenarios contemplate major build-outs of renetvablc

7 energy and energy storage. To meet its 2050 net zero goals. the rate must accelerate cvcn

turthcr. It is impenttive that Duke continue to pursue all options to increase its interconnection

9 capacity for new renctvable projects. In addition. Duke's history tvith interconnection of solar

10 facilities involved large numbers of smaller individuul projects. Given thc grotving trcn(l

ll toward a smaller number of larger projects, Duke's interconnection capability should increase

12 signilicantly.

13 QR5. iVltxT DO VOU kFCoxtxtESI) tvITtt REGaul) TO DEKE'S Sot.ARASStivlpzloxS7

14 AR5. I recommend that Duke updutc several ol'i(s assumptions related to system tnix. It is clearly

17

20

21

22

3

not the case that 100% of pURpA projects arc currently, or vvill bc always in the future. Iixed-

tilt. Duke should perl'orm an analysis on its current PURI'A Iieet to dctcrminc the actual mix

of ltxed-tilt and single-axis trucking projects and use these in its baseline assumptions. If, for

some reason, it is unable to obtain these figures, Duke should utilize the latest data Irotn ltlA

Fortn g60. It should further adjust its assumptions on replacement of these projects by

recognizing thc shift towards tracking that is occurring even at the small system sizes, I

recommend an assumption that at least R0% of new PURPA projects be assumed as single-axis

tracking based on an extrapolation of 2019 data und that Duke incorporate this into its

assumption of replacement capacity from existing I'URPA projects.

"" Exhibit KL-I2. Duke Itccpousc to SCSBA RFP 2 (producing Duke tcspuusc to DR b(:SFA 2-18. auachtncut

h'CSEA L'-100 Subt65 t)kz-taA xtsxt.
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